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OPERATTONAT, CHARACTERISTICS. OF RA-14 AVON TURBOJET ENGINE

By Joseph N. Sivo and William L. Jones

SUMMARY

The windmilling and altitude starting characteristics for the RA-14
Avon turbojet engine were determined over a range of altitudes from
20,000 to 50,000 feet and flight Mach numbers from 0.4 to 1.0. Success-
ful ignition and acceleration to idle speed were obtained up to an alti-
tude of 33,000 feet at all Mach numbers investigated and at 45,000 feet
for flight Mach numbers below 0.5 and gbove 1.0. The meximum operable
altitude, where combustor blowout occurred, was approximately 80,000
feet.

Throttle bursts and wave-off-type accelerations were attempted at
altitudes of 35,000 and 50,000 feet at a £light Mach number of 0.4. At
35,000 feet, successful accelerations to rated speed were obtained with
both types of maneuvers. The wave-off-type accelerations at 35,000 feet,
however, were characterized by a serles of compressor surges during the
accelerations. At 50,000 feet, all acceleration attempts terminated in
surge.

Over-all performance of the engine with compressor-outlet bleed was
determined at an altitude of 37,500 feet and & flight Mach number of 0.8.
With B-percent bleed flow at limiting engine temperature ratio, the net
thrust decreased 14.2 percent, and the. net-thrust specific fuel consump-~
tion increased 9.8 percent.

INTRODUCTION

An investigation of the altitude performance characteristics of the
RA-14 Avon turbojet engine was conducted at the request of the Bureau of
Aeronautics, Department of the Navy, in an altitude test chamber at the
NACA lewis lsboratory. The over-all engine performance characteristics
with & fixed-area exhaust nozzle are presented in reference 1, and the
acceleratlon characteristics are presented in reference 2. The opera-
tional characteristics of the engine are presented herein. The opera-
tional characteristics investigated were

(1) Windmilling
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(2) Altitude starting and acceleration to idle
(3) Altitude operating limits

(4) Threttle bursts and wave-off-type accelerations with standard
control

(5) Engine performence with compressor-ocutlet bleed

Windmilling and starting date were obteined over a range of altitudes
from 20,000 to 50,000 feet and flight Mach numbers from 0.4 to 1.0.
Throttle bursts and wave-off-type accelerations were investigated at
altitudes of 35,000 and 50,000 feet and a flight Mach number of 0.4.
Data on the effect of compressor-outlet bleed were taken at 37,500 feet
and a flight Mach number of 0.8. )

APPARATUS
Engine

The RA-14 Avon turbojet engine has a rated sea-level static thrust
of 8500 pounds st an engine speed of 7850 rpm and a limiting turbine-
outlet temperature of 1148° F (1608° R). The engine is equipped with a
15-stage axial-flow compressor, a cannular combustor with eight tubular’
liners, and a two-stage turbine. ;

At the suggestion of the manufacturer, the engine was operated to
the rating of the RA-28 Avon turbojet engine, which has & rated sea-level
static thrust of 10,000 pounds at an engine speed of 8000 rpm and a
limiting turbine-outlet temperature of 1220° F (1680° R).

Limiting turbine-outlet temperature was determined by the menufac-
turer's four thermocouples. For thie lnvestigatlon, the engine was
operated with a 2.36-square-foot (20.8-in. diam.) FPixed-area conical
exhaust nozzle.

The engine is equipped with variable compressor-inlet gulde vanes;
a two-position (open or closed), seventh-stage acceleration bleed port;
and compressor-outlet bleeds for supplying alrcraft service air. The
inlet guide vanes are scheduled as a function of corrected engine speed.
Below a corrected engine speed of 6100 rpm, the inlet guide vanes are
closed. From 6100 to 7200 rpm, the guide vanes vary linearly with engine
speed from full closed (25°) to full open (-10°). The accelerstion bleed
port is open below a corrected speed of 5200 rpm and closed above that
speed. The compressor-outlet bleeds are operated in accordance with the
needs of the aircraft installation.

¥L0V
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Installation

The engine was installed in an altitude test chamber which consists
of & tank 10 feet in diameter and 60 feet long divided into two compart-
ments by & bulkhead. Air from the front compartment was ducted to the
engine inlet through & bellmouth inlet and & venturi, which was used to
measure the air flow. A labyrinth seal on the inlet duct was used to
prevent leakage from the front to the reer compartment. The engine was
mounted on a thrust-measuring platform in the rear compartment. The
pressure and temperature in the front compartment and the pressure in
the rear compartment were regulated to simulate the desired altitude
flight conditions. A photograph of the engine installed in the test
chamber is shown in figure 1.

Instrumentation

Tnstrumentation for measuring steady-state temperatures and pres-
sures was installed at varlous stations throughout the engine. A sche-
matic sketch of the engine showing station locations and pressure and
temperature instrumentation is presented in figure 2. The transient
instrumentation used in conjunction with the steady-state instrumentation
is presented in table I.

Engine fuel flow during steady-state operation was measured with
calibrated rotameters; englne speed, with remote-reading tachometers;
and engine thrust, with & null-type thrust cell.

Multichannel oscillographs were used to obtain trensient recordings
of pressures, temperatures, fuel flow, throttle position, engine speed,
aend guide-vane and acceleration bleed positions during starting and
throttle bursts (see table I). The transient equipment used had suffi-
clently repid response to allow measurement of quantitative values.

PROCEDURE

For the windmilling and starting tests, the engine-inlet total tem-
perature and pressure and the exhaust-nozzle statlc pressure were set
to simulate a range of altitudes from 20,000 to 50,000 feet and flight
Mach numbers from 0.4 to 1.0. A free-stream ram recovery of 100 percent
was assumed. Prior to each ignition attempt, complete steady-state
windmilling data were obtained. With the engine windmilling, the engine
throttle was advanced to the idle position. A total of 45 seconds was
allowed for ignition. If lgnition did not occur in 45 seconds, the
throttle was retarded and the engine was allowed to windmill 3 to 4 min-
utes before ignition was attempted again. Whenever ignition and complete
propagation occurred, as determined by readings from a thermocouple in
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each combustor liner, the engine was allowed to accelerate to idle speed.
If propagation of flame was not complete, the throttle was retarded in
preparation for another ignition attempt.

Throttle burst and wave-off-type acceleration data were obtalined at
35,000 and 50,000 feet at a £light Mach number of 0.4. A throttle burst
consisted of an acceleration from idle to rated speed along the engine
control schedule with the advance of the engine throttle from the idle
to rated position completed in 1 second or less. The wave-off-type ac-
celeration consisted of a deceleration from rated to idle speed followed
immediately by & throttle burst with all throttle movements completed
in 1 second or less. In general, the engine was allowed approximately
3 minutes to reach equilibrium temperature conditions prior to a throttle-
burst acceleration or wave-off-type maneuver.

Compressor-outlet bleed data were obtained at an altitude of 37,500
feet at a flight Mach number of 0.8. Engine corrected speeds of 66860,
7300, 7850, 8400, and 8580 rpm were set. At each corrected engine speed,
a range of bleed flows wes run from zero flow to either maximum bleed
flow, as governed by the bleed-port 81ze, or rated turbine-outlet
temperature.

RESULTS AND DISCUSSION
Windmllling

Windmilling data (table II) were obtained over a range of altitudes
from 20,000 to 50,000 feet and f£light Mach numbers from 0.4 to 1.0 and
are presented in figures 3 to 5. Corrected engine windmilling speed 1s
presented as & functlon of flight Mach number in figure 3. A single
curve defines the corrected speed for the range of conditions lnvesti-
gated. At a flight Mach number of 0.8, the engine windmilled at approxi-
mately 29 percent of rated speed (7850 rpm).

Curves of corrected engine ailr flow, compressor total-pressure ratio,
and compressor total-temperature ratio agelnst corrected engine windmil-
ling speed. are presented in figure 4. Over the range of corrected engine
speeds assoclated with windmilling conditions, satisfactory generaliza-
tion of all these parasmeters was obtained. At corrected speeds below
2800 rpm, a pressure loss occurred across the compressor. Corrected wind-
milling drag against corrected air speed is presented in filgure 5. The
data scatter here is a result of the difficulty in determining net thrust
accurately at the low thrust levels involved.

L0V
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Ignition and Acceleration to Idle

The altitude starting limits for a range of £light Mach numbers
are presented 1in figure 6. Each symbol on the figure denotes two or
more ignition attempts. The maximum altitude at which ignition was at-
tempted was 50,000 feet. For Mach numbers below 0.5, ignition was ob-
tained up to this altitude. As the Mach number was lncreased to 0.7,
the maximum altitude for ignition decreased to approximately 33,000 feet.
A further increase in Mach number to 1.0 increased the maximum altitude
for ignition to 45,000 feet. This trend in ignition limits has been
observed on other engines. The lowering of the ignition limits as the
flight Mach number was increased is attributed to the lncrease in com-
bustor veloecities that occurred with increasing Mach number in this region.
(As noted in fig. 4, the air flow increased without a significant in-
crease in compressor pressure ratio up to a Mach number of about 0.7
(corrected windmilling speéd of 2700 rpm).) As the Mach number was fur-
ther increased, the increase in pressure rise across the compressor
offset the increase in velocity, resulting in a more favorable condi-
tion for ignition.

The following table lists the combustor-inlet conditions present
at polnts along the ignition envelope:

Altitude, [Free-stream |Compressor- | Compressor- Combustor

ft Mach ocutlet outlet total | velocity,
number, total temperature, Yy
Mg pressure, T
Pz

50,000 0.5 271 420 44.7
35,000 .6 535 433 54.7
32,500 .7 755 460 67.8
33,000 .8 875 482 8l.4
38,000 .9 895 505 97.8
45,000 1.0 820 546 120.0

A region of incomplete propagation existed at an altitude of 50,000 feet
at a flight Mach number of approximately 0.45.

An oscillograph trece of an altitude start is presented in figure
7 to illustrate how parameters such as engine speed, engine fuel flow,
turbine-outlet temperasture, compressor-inlet and -outlet pressures, am-
bient exhaust pressure, and fuel manifold pressure vary during a typlcal
altitude start and acceleration to idle speed.
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Tgnition, propagation, and acceleration times cbtalned from traces
similar to that of figure 7 are presented in figure B8 for various flight
conditions. At an altitude of 30,000 feet (fig. 8(a)), an increase in
flight Mach number from 0.4 to 0.8 caused the ignition time to lncrease
from 4 to 8 seconds, the propagation time (determined by observation of
thermocouples located at the combustor outlet) to decrease from 2.5 to
1.0 seconds, and the time required to accelerate the engine to idle
speed to decrease from 38.5 to 13.0 seconds. The time required to es-
tablish fuel manifold pressure For this range of Mach numbers was ap-
proximately 4.0 seconds. Therefore, at low flight speeds, the lignition
time (time elapsed from when the throttle was sdvanced until ignition
occurred) was primarily a function of the time required to establish fuel
flow. As the Mach number was increased to 0.8, an addltional 3 seconds
over the time required to establish fuel flow was required for ignition.

The effect of altitude on these times at a Mach number of 0.4 is
presented in figure B(b). Ignition time increased slightly with alti-
tude. However, the major portion of the time required for ignltion can
be attributed to the time required to obtain fuel manifold pressure (es-
tablishment of fuel flow) since ignition occurred slmost immedistely
after the fuel pressure reached its steady-state pressure value. The
acceleration time increased from 25.5 to 62 seconds when the altitude
was Increased from 20,000 to 40,000 feet. As previously mentlioned,
propagation was incomplete at an altitude of 50,000 feet; acceleration
was therefore not possible at this flight condition. It was determined
that ignition, propagation, and acceleration were possible at 45,000 feet
and a flight Mach number below 0.5 and above 1.0.

Altitude Operating Limits

The operatlional limits of the engine with the rated exhaust nozzle
are presented in figure 9. The operational limlts presented are the
engline speed for limiting turbine-outlet temperature, the engine speed
for "idle" throttle position, and the windmilling speed as functions of
altitude. For altitudes above 20,000 feet, limiting turbine-outlet tem-
perature occurred below rated engline speed (7850 rpm). Increasing the
altitude from 20,000 to 80,000 feet necessitated a ll-percent decrease
in engine speed in order to maintain limiting turbine-outlet temperature.
The idle-speed line intersected the limiting-temperature line at approx-
imately 81,000 feet. 1In thls region engine blowout occurred, dbut it
was not determined whether or not the englne blowout was preceded by
compressor surge.

v.0%
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Throttle Bursts and Wave-Off-Type Acceleration

Throttle bursts, which consisted of accelerations from ldle speed
to rated speed, and wave-off-type accelerations, which consisted of de-
celerations from rated to idle speed followed by accelerations to rated
speed, were obtained at two altitudes. All throtile movements were com-
pleted In 1 second or less. A typical multichannel trace of a throttle
burst showing how the various engine parameters varied during the engine
acceleration is presented in figure 10.

The compressor-inlet-guide-vane position and the acceleration path
taken by the engine In terms of compressor total-pressure ratio and cor-
rected engine speed are presented in figure 11. Data are shown for two
throttle bursts and one wave-off maneuver.

The gulde-vane position during the accelerations differed from the
average production guide-vane-position schedule.(preferred schedule) for
all acceleration attempis. The englune speed at which the bleed ports
closed was also different for each ascceleration attempt. The deviations
from the preferred schedule may have been due to either improper temper-
ature compensation in the control system or to differences in the tem-
perature and pressure conditions surrounding the engine and control
system from what was anticipated for £light conditions. A hysteresis
also occurred in the guide-vane schedule, as indicated by the guide-vane
schedule cobtalned during the wave-off-type maneuver (path ABCDEA).

Surge-free acceleration was obtained for & rapid acceleration from
idle to rated speed when the engine was operated at idle speed for at
least 3 minutes prior to an acceleration attempt. When the 1dling period
was reduced, one cycle of surge occurred at a corrected engine speed of
7080 rpm as the engine accelerated to rated speed.

For the wave-off-type acceleration, engine surge occurred at cor-
rected speeds from 5800 to 7500 rpm, while there was no surge from 7500
rpm to rated speed. The acceleration was characterized by a serles of
one or two cycles of surge followed by recovery as the engine accelerated.

The differences in the total-pressure ratio during surge for the
throttle bursts and for the wave-off-type maneuver were, in part, due to
differences in the lnlet-gulde-vane schedules mentioned previously.

The shift in the steady-state operating lines was also a result of
differences in inlet-guide-vane schedules for the different acceleration
attempts. The operating lines for thelr corresponding guide-vane sche-
dules were determined from previously run unpublished data on the effect
of inlet-gulde-vane variation.
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The time required for the engine to accelerate from idle to rated
speed at 35,000 feet and a flight Mach number of 0.4 with no surge when
stall did not occur was 8.0 seconds. This time increased to 8.4 seconds
when one cycle of surge occurred and to 10.3 seconds when several cycles
of surge occurred.

At an altitude of 50,000 feet and flight Mach number of 0.4, all
attempts to accelerate the englne from idle speed terminated in surge
from which the engine could not recover without throttle menipulation.
At this altitude the engine did not accelerate during surge. All wave-
off attempts also terminated in surge. From the translent traces of
fuel flow obtalned during accelerstion at an altitude of 35,000 feet,
it appeared that, when surge occurred and compressor-outlet pressure de-
creased, the englne fuel control reduced fuel flow to a value where surge
recovery was possible. However, at 50,000 feet, when surge occurred,
the fuel control did not reduce the fuel flow enough to allow com-
surge recovery. A successful surge-free scceleration was made at 50,000
feet from 7400 rpm to rated speed. The time required for acceleration
at this condition was 6.0 seconds as compared with 1.4 seconds required
at 35,000 feet for the same condltlon.

The maximum exhaust-gas temperature reached was epproximately
1650° R for all the acceleration attempts made during this investigetion.
A more complete analysls of throttle bursts and wave-off accelerations
is presented in reference 2.

Compressor-Outlet Bleed

At each of five corrected englne speeds, a range of compressor-
outlet bleed-alr flows was run by varylng the bleed-port area. The data
obtalned are tabulated in table IITI. The figures presented herein were
obtained by cross-plotting the tabulated data.

The maximum bleed-flow ratio (ratio of bleed air flow to engine-
inlet air flow) as limited by elther the size of the bleed ports or
limiting turbine-outlet temperature is presented in figure 12 as a func-
tion of corrected engine speed. The maximum bleed £low obtalned was 7.1
percent at a corrected speed of approximately 8300 rpm.

The over-all englne performance characteristics for various bleed
flows are plotted in figure 13 for an altitude of 37,500 feet and a
flight Mach number of 0.8. With limiting engine temperature ratio
(Tg/Tz = 3.63), an increase in compressor-outlet bleed flow from zero to
6 percent necessitated s 2-percent reduction in engine speed (fig. 13(a)).
At limiting temperature ratio, the fuel flow (fig. 13(b)) decreased 4.2
percent as a result of the decreased engine speed when the bleed flow was
increased from zerc to 6 percent.

YLOY
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A loss in net thrust of 14.2 percent occurred when the bleed flow was
increased from zero to 6 percent at limiting temperature ratio (fig.
13(c)). This loss was a result of both the engine speed reduction requir-
ed to maintain rated temperature and the loss in engine air flow over-
board through the bleed ports. The reduction in engine speed reduced
engline pressure ratio and air flow. The bleed flow lost overboard ne-
cessltated an increase in the extracted turbine work per pound of gas
flowing through the turblne, that is, increased turbine pressure ratio
which further reduces the engine pressure ratio.

Because the net thrust and engine fuel flow decreased 14.2 and 4.2
percent, respectively, when the bleed flow was increased to 6 percent at
limiting temperature ratio, the net-thrust specific fuel consumption
increased epproximately 9.8 percent at this condition (fig. 13(d)).

SUMMARY OF RESULTS

From an investigaition of the windmilling and starting characteris-
tics of the RA-14 Avon turbojet engine, the compressor pressure ratio,
temperature ratio, and air flow generalized wlth corrected engine speed
for the range of flight conditions presented. Successful ignition and
scceleration to idle speed were obtained at an altitude of 33,000 feet
et all Mach numbers investigated and at an altitude of 45,000 feet for
flight Mach numbers below 0.5 and above 1.0.

In order to maintain limiting turbine-outlet temperature with the
rated fixed-area exhsust nozzle installed on the engine, a reduction of
11 percent in engine speed was required as the altitude was increased
from 20,000 to 80,000 feet. The maximum operable altitude, where combus-
tor blowout occurred, was aspproximately 80,000 feet.

With the standard engine control, successful accelerations from
idle to rated speed were ocbtained at 35,000 feet at a flight Mach number
of 0.4 for both throttle-burst and wave-off-type accelerations. The
wave-off-type accelerations were characterized by a series of compressor
surges during the accelerations. At 50,000 feet all acceleration attempts
from idle speed terminated in compressor surge.

At an altlitude of 37,500 feet and a £light Mach number of 0.8, a 6-
percent compressor-outlet bleed flow at limlting engine temperature ratio
resulted in a 14.2-percent decrease 1ln net thrust and a 9.8-percent in-
crease in net-thrust specific fuel consumption.

Lewls Fllght Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, April 13, 13956
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APPENDIX - SYMBOLS

Fj Jet thrust, 1b

Fn net thrust, 1b

M flight Mach number

N englne speed, rpm -

P total pressure, 1b/sq ft abs

o) static pressure, lb/sq ft abs

=N large-slot fuel manifold pressure, 1b/sq in.

Sg small-slot fuel menifold pressure, 1b/sq in.

sfc net-thrust specific fuel consumption, wf/Fn, (1b/hr)/lb thrust

T total temperature, °R

Vv velocity, ft/sec

W weight flow, Ib/sec or lb/hr

82 ratio of ebsolute total pressure tc absolute statlc pressure of
standard NACA atmosphere at sea level

62 ratio of absolute total temperature to absolute static temperature
of standard NACA atmosphere at sea level h

Subscripts:

a air

B bleed air

b combustor

iy fuel

0 free stream

1 air-flow measuring station

2 compressor inlet

3 compressor outlet

¥L0%
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4 turbine inlet
5 turbine outlet
9 exhaust-nozzle inlet
10 exhsust-nozzle outlet
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TABLE I. - INSTRUMENTATION

total temperature

Inlet-guide-vane
position

Interstage bleed
position

Compressor-outlet
bleed

Engine speed

Large slot, main
fuel pressure

Bmall slot, pilot
fuel pressure

thermocouples

Potentiometer con-
nected to master
guide vane

Two total- and one
static-pressure
probes in bleed duet

Two ducts with two
total- and one
static~-pressure
‘probes in bleed duct

Engine tachometer gen-
erator and elec-
tronic pulse counter

Bourdon gage

Bourdon gage

Parameter Engine Steady-state Transient instrumentetion
station Instrumentation
Engine throttle - Manual Limit switches at idle and
full-throttle positions
Engine fuel flow - Calibrated rotometer a-c Output of flow meter rec-
tifled to d-c voltage pro-
portional to fuel flow
Inlet total pressure 2 Average of 18 total- Aneroid-type pressure sensor
presgsure probes with strein-gage element
Compressor-outlet 3 Average of 20 total- Aneroid-type pressure sensor
total pressure pressure probes with strain-gage element
Altitude static 10 Average of 4 lip Aneroid-type pressure sensor
pressutre static-pressure with strain-gage element
probes at exhasust-
nozzle exit
Exhaust-nozzle-inlet 9 Aversge of 186 total- |Aneroid-type pressure sensor
total pressure pressure probes st with strain-gage element
exhaust-nozzle
inlet
Exhaust-nozzle-inlet 9 Average of 22 Single thermocouple with elec-

tronic network to compensate
for thermocouple lag

Same as steady-state
instrumentation

Bourdon type pressure sensor
completing electric circult

Engine tachometer generator,
a-c rectified to d-c voltage
proportional to epeed

Twisted-tube pressure sensor
with verlable reluctance
bridge

Twisted-tube pressure sensor
with varisble reluctance
bridge

T.0%.
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Altltude, |Free-giream |Gorrected|Compressor-[Altituda |Compressor- Compresscor outlat Corrected
£% Mach mumber,| engine |inlet total| static |[inlet total Total Total vindmilling
My speed [ressure, |presgure, (temperature,)pressure, [tamperature,| 8ir flow,
N/-Jaa": Pa, Do Toy Py, P Va,2vo
T 1b b R 1b By

aq Tt abe |aq Tt abs B8q abs 1b/aeo

20,000 0.39 1468 1085 978 466 1048 467 15.29
.60 ABAR 1242 978 481 1206 491 28.52

30,000 0.39 1433 704 632 422 880 422 17.38
.59 2877 802 654 #45 778 445 28.88

.M 2802 880 831 454 876 474 53,46

.78 5126 856 838 468 1004 498 358.10

58,000 0.58 2177 632 502 428 808 435 28.31
+81 2301 839 487 421 B804 421 £6.78

.71 2782 699 501 425 891 446 52.97

78 2975 751 504 445 772 469 54.59

80 3127 762 499 444 792 474 37.4%

1.00 4078 945 502 474 1280 BAT 51.98

1.00 480], 945 508 475 1324 581, 53.81

40,000 0.41 1409 440 391 411 419 419 17.82
Al 1425 443 B84 408 456 408 16.69

49 1685 469 388 415 461 430 22.09

, .59 2185 508 397 425 474 423 28.24
81 2247 508 394 424 £79 424 26.17

.78 2784 580 597 454 543 452 52.84

1.00 4216 748 394 A75 1057 553 B65.66

£5,000 0.B1 16861 872 511 411 352 423 21.9%
T3 268g 458 308 454 417 —— 50.46

.80 3080 472 508 440 482 466 36.23

.83 3841 491, 512 459 590 502 44.87

.98 4112 588 514 &74 790 547 31.68

B0, 000 0.58 1579 273 247 410 ‘285 410 17.39
.48 1786 289 247 410 276 428 17.80

.59 2301 812 47 428 291 450 24,40

.62 2107 I 240 422 289 43], 24.04

.TL 2582 341 245 434 526 452 29,21

:1 2820 378 242 44 566 467 33.681

.78 3091 362 243 +45 588 459 55,91

60J95H Wd VOVH



TABLE III. - COMPRESSOR-QUTLET BLEED PERFORMANCE DATA

Altitude, Prmn‘-cwm-— Altitude |[Compreasor- ssaor outlet]| Turbine inlat ine qutlet ~noezle_inlat|Mamfae- [Rngine- Icalpnuor- no [Kemmured
b4 strean |spesd, Jinlet total ) statis |inlet total Potal Total Total Total Total Totel Tokal mrerts | Inlet oatlet fual Jat
Mach ¥, pressurs, e | COMPSISLUTS,: | g gy, t@par- [prosmirs, |temper- | pressure, [tsmper- | prassure, |tmeper- [tewpere- blesd- tlow, | thrust,
tupber, | PR Par Bgs Tos r, avore, P.» ature, By, aturs, P aturs, e flow, | alr flow, o, r,,
" 1% 13 °R " . iy T, ® . " L L] PO R T ) B
STTERER Jag £t ubs nttem R Ry r pafabs| ® || or op  [1n/see | injaes
37,500 0,8 BOLS &40 409 425 Xe 718 2045 1211 960 Mo R0 93 958 5,80 0 9 Lies
8002 &4 418 4 3188 708 2033 1188 958 e 924 214 4L N.22 o 9 1
£000 645 411 419 5105 T00 2908 las 258 M 1S 54 183 59.48 1.5 54 lees
6008 845 as 423 517 708 2044 1240 955 910 213 953 7 | 33,82 1.88% 59, | 1708
aD05 48 483 418 3088 708 2097 l1ae 43 o3g 801 ass 987 39.7L 2.20 09 16858
8003 a4 &7 418 5049 70L 2878 188 937 952 a6 85 #30 54.58 2.58 999 1847
S00G 843 £15 420 502D 2369 1264 938 295 88 3%.34 2,5 788 155
8000 841 412 431 3008 i) {055 1258 925 1] 1.3 a87 995 58,08 2.42 905 1885
02 648 419 420 5055 887 2848 1248 832 a7 885 956 985 59.53 2,47 889 1628
8554 645 581 432 4191 TR p.1:1.13 1505 1280 182 1244 113 a7 4B, 54 Q 1841 2125
565 &g 42 =21 4173 780 343 1604 1301 1188 1250 liee 1145 45,53 ] 1835 2571
e568 [ 127 wOa7 5 e 1864 1870 pE-ab | | 1185 ims &8.78 1.58 1864

aE72 2 5.) 419 w048 174 35848 1558 12832 1R 1210 lzo8 122 46,5 2.09 1888 77
565 944 417 420 ADS4 TI® 1388 1288 LS 1218 1835 5.8 2,44 11 2580
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Figures 1. - BA-14 Avon turbojet ongine instalied In sltitude test chamber.
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Figure 2. - Schematic sketch of EA~14 Avon turbojet engine showing instrumentation statiams.
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Figure 3. - Corrected engine windmilling speeds for range of altitudes and flight Mach

numbers.
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(b) Engine corrected fuel flow.
Figure 13. - Continued. Over-zll engine performance charac-

teristice for various compressor-outlet bleed flows. Alti-
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